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Sunbed use among 64,000 Danish students and the associations with demographic factors, health-related behaviours, and appearance-related factors The incidence of skin cancer has increased globally over the past decades. Each year, 2-3 million non-melanoma skin cancers and 132,000 melanoma skin cancers are registered globally (WHO). Exposure to ultraviolet radiation is the main cause of skin cancer (Armstrong and Kricker, 1993; Ghassassi et al., 2009) , and sunbed use is therefore associated with an increased risk for skin cancer, and is particularly dangerous for younger persons (Autier and Boyle, 2008; Autier and Doré, 1998; Boniol, 2012; Boniol et al., 2012) . The risk for melanoma increases with frequency of use (Boniol, 2012; Boniol et al., 2012) . Sunbed use is prevalent in many western countries, especially among females and young people (Bentzen et al., 2013; Demko et al., 2003; Grange et al., 2015; Guy et al., 2014; O'Riordan et al., 2006; Wester et al., 1999) . Furthermore, studies have found that lower parental socioeconomic status is associated with sunbed use in their children (Bentzen et al., 2013; Demko et al., 2003; Mayer et al., 2011; Simmons et al., 2014) .
In Denmark, melanoma is the commonest type of cancer among women aged 15-34 years and the third commonest among men in the same age range (Engholm et al., 2015) . It is essential to identify the characteristics of sunbed users in order to design and implement effective prevention strategies.
Studies have shown an association between sunbed use and an unhealthy lifestyle in terms of alcohol consumption and smoking (Bentzen et al., 2013; Demko et al., 2003; Guy et al., 2014; Miyamoto et al., 2012; O'Riordan et al., 2006; Schneider and Kramer, 2010) . Studies assessing the associations between sunbed use and dietary habits as well as physical activity/exercise have shown inconsistent results (Demko et al., 2003; Guy et al., 2014; Miyamoto et al., 2012) . Appearance-related behaviour, such as dieting and unhealthy weight control have previously been associated with sunbed use (Amrock and Weitzman, 2014; Blashill, 2013; Demko et al., 2003; Guy et al., 2014; Miyamoto et al., 2012; O'Riordan et al., 2006) . Some studies have found that low body satisfaction is related to sunbed use (Blashill and Traeger, 2013; Brandberg et al., 1998; O'Riordan et al., 2006) , however the evidence is inconsistent, as another study showed that people with a high degree of satisfaction with their body and weight were more likely to use sunbeds (Yoo and Kim, 2012) , and another study found no association (Demko et al., 2003) . Most of the studies mentioned above were conducted in the USA.
In view of inconsistency in some of the associations with sunbed use from previous research, and the lack of studies from Europe, this study examined sunbed use among Danish students. The aim of this study was to examine the associations between demographic factors, health-related behaviours, and appearance-related factors and sunbed use.
Methods

Design and participants
The Danish National Youth Study survey was conducted by the National Institute of Public Health in 2014. The survey involved an Internet questionnaire consisting of N 250 questions on health behaviours, health and wellbeing, which was administered in class with a teacher present. The questions were derived from a wide variety of disciplines and sources. Some questions were developed specifically for the Danish National Youth Study, in close collaboration with researchers in the field, while some questions were from existing national and international surveys. The questionnaire was pilot tested on several occasions in the target group. All 137 Danish upper secondary schools and higher preparatory examination schools were invited (except for the international baccalaureate). Upper secondary schools are a three years education, preparing students for higher education such as university. Higher preparatory examination schools are similar to upper secondary schools, but the programme duration is only two years and is generally attended by older students. Additionally, 12 of the largest vocational colleges in Denmark were invited to participate, with selected classes from the basic programme. There are 89 vocational colleges in Denmark, which prepare students for a wide range of specific jobs such as carpenter, gastronome and hairdresser. Of the invited schools, 119 (87%) of the upper secondary and higher preparatory examination schools and 10 (83%) of the vocational colleges agreed to participate. In participating classes, 84% of the upper secondary and higher preparatory examination students and 69% of the vocational students filled in the questionnaire, for a total of 75,853 students. The analyses were restricted to students aged 15-25 years (n = 75,022). Students who had not answered the question regarding sunbed use (n = 3196) and students with missing values on education (n = 1652), dietary habits (n = 1376), smoking (n = 44), binge-drinking (n = 284), exercise (n = 123), dieting (n = 66), weight perception (n = 107), body satisfaction (n = 117), and Body Mass Index (BMI) (n = 1359) were also excluded. Students, where it was not possible to link their questionnaire with their civil registrations number, where also excluded, since their parent's education could not be attained from Statistic Denmark (n = 2316). The final study sample comprised 64,382 students aged 15-25 years (85% of the original study sample). The selection of the study sample is shown in Fig. 1. 
Study measures
Outcome measure
The study outcome, sunbed use, was measured from the question "During the past year, how often have you used a sunbed?", with four possible responses: "I have not used a sunbed", "Monthly or less", "Weekly" and "Daily or almost daily". The responses were dichotomized into sunbed users (used a sunbed at least once in the past year) and non-users (did not use a sunbed in the past year). This is a frequent used definition of sunbed use. The proportion of sunbed use according to the response categories is shown in Table 1 .
Demographic factors
Demographic factors included in this study were sex, age ("15", "16", "17", "18", "19", and "20-25 year"), education ("upper secondary school", "higher preparatory examination school", and "vocational college"), and geographical region ("Capital", "Zealand", "Southern", "Central" and "North"). Furthermore parental education was included from Statistics Denmark, where the highest education of the students' parents was used as an indicator of the student's social status ("primary school", "vocational college", "upper secondary school", "higher education -≤2 years", "higher education -3-4 years", and "higher education -N4 years").
Health-related behaviours
Health-related behaviours assessed in this study were; dietary habits, smoking, binge-drinking and exercise. Dietary habits were assessed from an index constructed from answers about eating habits in 'a normal week': eating fruit daily (yes, 1; no: 0); eating vegetables daily (yes, 1; no: 0); and eating wholemeal products (e.g. oats, wholemeal pasta) daily (yes, 1; no: 0). Responses were summed and indexed between 0 and 3. A score of 0 were categorized as "poor habits"; 1 "fair habits"; 2 "good habits"; and 3 "excellent habits". Smoking was identified from answers to the question "Which statement describes you best?", as: "I smoke daily", "I smoke at least once a week", "I smoke sometimes (e.g. at parties)", "I rarely smoke" and "I never smoke". Binge-drinking was assessed from answers to the question "Within the past 30 days, how many times have you consumed five or more drinks on one occasion?" and were categorized into "0 times", "1 time", "2 times", "3-4 times" and "5 or more times". Exercise was assessed from answers to the question "Outside school, how many hours a week do you usually exercise to the extent that you become breathless or sweat?". The answers were "None", "Approximately 30-60 min", "Approximately 2-3 h", "Approximately 4-6 h" and "Approximately 7 h or more".
Appearance-related factors
Appearance-related factors assessed in this study were dieting, weight perception, body satisfaction, and BMI. Dieting was assessed from answers to the question "Within the past year: How often did you diet to lose weight?", and the answers were categorized into "never", "1-4 times" and "5 times or more". Weight perception was measured from answers to the question "Do you think that you are…"w ith the possible responses "…way too thin", "… a little too thin", "… just right", "…a little overweight" and "…way too thick". Body satisfaction was assessed from answers to the question: "On a scale from 1 (very unsatisfied) to 10 (very satisfied), how satisfied are you with your body?" and was categorized into "1-3 (very unsatisfied)", "4-5 (unsatisfied)", "6-7 (satisfied)" and "8-10 (very satisfied)". BMI was calculated by self-reported weight and height and were indexed according to Centers for Disease Control and Prevention (Centers for Disease Control and Prevention, 2015) and World Obesity's (World Obesity) definitions of BMI for children and adults, and were categorized as either "underweight", "normal weight", and "overweight".
Statistical analyses
The statistical package STATA/IC11.1 was used for all statistical analyses. We used multilevel logistic regression models to examine the associations between demographic factors, health-related behaviours, and appearance-related factors and sunbed use. Selected variables were identified from the literature and a priori knowledge. Females and males were analysed separately because the associations varied according to sex.
The descriptive tables show differences between sunbed users and non-users assessed by a Χ 2 test. For the multilevel logistic regression models, we reported odds ratios (ORs) and their 95% confidence interval [95% CI] and P-values b 0.05 were considered statistically significant.
Wald tests were conducted to assess the hypothesis of no overall difference between categories. Tests for trend were conducted for relevant variables to assess whether there was a trend in the proportions over the exposure categories. We tested for interaction and found that the association between body satisfaction and sunbed use varied according to BMI for males. As the respondents were not independent (e.g. students attending the same school might be more similar than students attending different schools), we included school as a random effect in all logistic regression models. Each school was given a unique identification number, which was used as the cluster level.
In sensitivity analyses, we included individuals for whom information on exposure was missing by creating a "no information" group for each variable (total sample in these analyses, 71,826) to assess whether the estimates were similar to those of the main analyses. The estimates did not change considerably when comparing our main analyses with the sensitivity analyses.
Results
Characteristics and demographic factors
The demographic factors and proportion of sunbed use are shown in Table 2 . The study sample included 64,382 respondents, of which 60% were females. The majority were aged 16-19 years (95%) and studied at an upper secondary school (88%). The student's parent's highest education was primarily higher education of N3 year (53%) and vocational college (33%). In total, 22% of the students had used a sunbed at least once in the past year, with a higher proportion among females (29%) than males (12%). For both sexes, few respondents had used a sunbed weekly or more often (males: b2%; females: b 4%) (Table 1) . Table 3a shows odds for sunbed use in regard to demographic factors, health-related behaviours and appearance-related factors, stratified by sex. In terms of demographic factors the adjusted model shows that higher age, studying at a higher preparatory examination school or vocational college compared to upper secondary school were associated with sunbed use. Living in the North region of Denmark (for females, also the Zealand and the Southern region) were also associated with sunbed use compared to living in the Capital Region. Furthermore, lower parental education were associated with higher odds for sunbed use by their children (OR = 2.3 [2.1-2.5] for females and 2.4 [2.3-2.6] for males; parents highest education: vocational college vs. higher education (N 4 years)). 
Health-related behaviours and sunbed use
Appearance-related factors and sunbed use
Table 3a also shows that dieting was associated with sunbed use for both sexes (OR = 1.9 [1.8-2.0] for females and 1.8 [1.6-2.0] for males; 1-4 times/past year vs. never/past year). Feeling overweight was differently associated with sunbed use in females and males. Females who felt overweight had higher odds of sunbed use compared to females feeling just right (OR = 1.5 [1.4-1.6]), where males who felt overweight had a lower odds for sunbed use compared with males who felt their weight were just right (OR = 0.7 [07.-0.8]). Lower body satisfaction was associated with higher odds of sunbed use in females (OR = 1.9 [1.8-2.1]; 1-3 very unsatisfied vs. 8-10 very satisfied). Females who were underweight according to BMI had a lower odds of being a sunbed user compared to females who were normal weight (OR = 0.8 [0.8-0.9]). In males, there was an interaction between body satisfaction and BMI in relation to sunbed use, which is illustrated in Table 3b . Males who were normal weight had higher odds of being a sunbed user with lower body satisfaction (OR = 1.2 [1.0-1.4]; unsatisfied (4-5) vs very satisfied (8-10)), whereas males who were overweight had lower odds of being a sunbed user with lower body satisfaction (OR = 0.6 [0.5-0.8]; unsatisfied (4-5) vs. very satisfied (8-10)).
Discussion
In this study of N 64,000 Danish students, we found that sunbed use is prevalent, with 22% using sunbeds at least once within the past year. The proportion was greater among females than males. Older age and lower parental education were associated with sunbed use. Studying at institutions other than upper secondary school, and living in the North Region of Denmark were also associated with sunbed use. In relation to health-related behaviours, we found that being a smoker, having been binge-drinking and having longer duration of exercise were associated with sunbed use. For females, having poorer dietary habits were also associated with sunbed use. In relation to appearance-related factors, we found that dieting more than once a year was associated with sunbed use. The association between weight perception and sunbed use differed for males and females. Feeling overweight was associated with higher odds for sunbed use for females and lower odds for sunbed use for males when compared to students who perceived their weight to be just right. Lower body satisfaction was associated with sunbed use, for both sexes, except for overweight males, where the opposite was found. Students who, according to BMI, were underweight had higher odds for sunbed use than students who were considered normal weight.
Our findings are in agreement with those of earlier studies showing that sunbed use is more prevalent among females and being older (Boldeman et al., 2003; Boldeman et al., 1997; Demko et al., 2003; Grange et al., 2015; Guy et al., 2014; Simmons et al., 2014) . We also found that the odds for sunbed use differ according to the type of school the student is attending, where students attending schools other than upper secondary schools had higher odds for sunbed use. We found that sunbed use differs according to geographical residence, which is in line with other research (Demko et al., 2003; Grange et al., 2015;  justed for demographic factors and the other health-related behaviours. Appearance-related factors were adjusted for demographic factors (not parental education) and BMI, for males the analysis for body satisfaction and BMI were adjusted for the interaction between them. e Tests for trend for age, diet, smoking, binge-drinking, physical activity, body satisfaction, weight perception, and dieting showed a P value b 0.001. f Tests for trend for age, smoking, binge-drinking, physical activity, weight perception, dieting, and BMI showed P value b 0.001.
Table 3b
Odds ratios for sunbed use a for body satisfaction for males stratified by BMI (n = 26,070). Guy et al., 2014) . This indicates that even in a small country as Denmark, there exist some geographical differences in sunbed use. These findings on differences in sunbed use according to type of education and geographical residence could apply in other populations as well, and might be relevant to investigate prior to designing and implementing strategies for sunbed use. It would also be interesting to examine why these geographical and educational differences exits. It might be due to geographic inequality in education, income, health information and/or health literacy, or it could be due to some other factors. Our findings regarding parental education is in line with most other studies, that also found that lower parental education was associated with higher odds of sunbed use (Bentzen et al., 2013; Demko et al., 2003; Mayer et al., 2011; Simmons et al., 2014) , however two other studies found no correlation between parental education and sunbed use (Cokkinides et al., 2002; Hoerster et al., 2007) . The later studies examined parental education in three or four categories (Cokkinides et al., 2002; Hoerster et al., 2007) , whereas three of the other studies, only examined it in two (less than college vs. college or more) (Demko et al., 2003; Mayer et al., 2011; Simmons et al., 2014) . The inconsistency in the results could be due to differences in study samples or the measurement of parental education and/or sunbed use. We found an association between poorer dietary habits and sunbed use in female students, whereas other studies have found the opposite (Guy et al., 2014; Miyamoto et al., 2012) or no association (Demko et al., 2003) . The inconsistency might be due to differences in measurement of dietary habits. Demko et al. used a measurement index of nutritional behaviours much align with ours (Demko et al., 2003) , whereas Guy et al. and Miyamoto et al. examined only daily intake of fruit and vegetables (Guy et al., 2014; Miyamoto et al., 2012) . The diversity could also be due to differences between study samples. In our study, smoking was the health-related behaviour most strongly associated with sunbed use. For both sexes, the odds of being a sunbed user were more than three times higher for daily smokers than for non-smokers. This finding is in agreement with most previous studies, in which smokers were more likely to be sunbed users than non-smokers (Bentzen et al., 2013; Boldeman et al., 1997; Demko et al., 2003; Grange et al., 2015; Lostritto et al., 2012; Miyamoto et al., 2012; O'Riordan et al., 2006; Simmons et al., 2014) . Binge-drinking was found to be associated with sunbed use in our analyses; other studies have found similar associations in regard to both alcohol intake (any (Demko et al., 2003) and within the past 30 days (Simmons et al., 2014) ) and binge-drinking (four drinks/occasion in the past year (O'Riordan et al., 2006) and five drinks/occasion in the past 30 days (Guy et al., 2014; Miyamoto et al., 2012) ). The latter studies assessed binge-drinking as a dichotomous measure (yes/no), whereas we used a broader range and were able to detect an increasing trend between frequency of binge-drinking and higher odds for sunbed use. We found that longer duration of exercise were associated with sunbed use, which indicates that sunbed users have a healthier behaviour with regard to exercise than non-users. The same association was found in another study sample, where students who attended at least one sports team had higher odds for sunbed use (Guy et al., 2014; Miyamoto et al., 2012) . Another study, however, in which physical activity was assessed as a composite score, found the opposite association (Demko et al., 2003) . The inconsistencies in the results could be due to differences in measurement, as we examined merely exercise, where Demko et al. examined physical activity (Demko et al., 2003) . Exercise is often engaged in for aesthetic and appearance-related reasons (Frederick and Ryan, 1993; Kilpatrick et al., 2005) , therefore, it makes sense that students with longer duration of exercise had higher odds for being a sunbed user. Thus, the motive for both using a sunbed and exercising could be to have an attractive body and enhancing appearance. This might explain the association found in this study. When examining this behaviour more holistically, physical activity might not have the same association as found by Demko et al. (Demko et al., 2003) . Motives for engaging in physical activity could be social status, well-being and health etc. which might be different from motives for exercise.
In regard to health-related behaviours, there seems to be both healthy and unhealthy behaviours associated with sunbed use. It could be speculated that there are some psychological characteristics that can explain why some adolescents engage in more than one risky behaviours. Young people might not find their behaviours risky and do not see or care that their actions can have monumental significance to their future. Motives for their health-related behaviours might be found in social and appearance-related reasons.
Of the appearance-related factors, dieting was the factor that was most strongly associated with sunbed use. Our finding that dieting was associated with higher odds for sunbed use is in agreement with previous studies conducted in the USA (Amrock and Weitzman, 2014; Blashill, 2013; Demko et al., 2003; Guy et al., 2014; Miyamoto et al., 2012; O'Riordan et al., 2006) . Various results have been reported with regard to weight perception. As in our study, a study of female adolescents reported higher odds for frequent sunbed use among those who felt too fat (O'Riordan et al., 2006) . In a study only of males, those who perceived their weight as "extreme" (very underweight or very overweight, collapsed into one category) engaged in more sunbed use than those who perceived their weight as "average" (Blashill and Traeger, 2013) , which is similar to our findings for females. This finding cannot be compared with ours directly because weight perception was assessed differently. A third study found no association between weight perception and lifetime sunbed use (Demko et al., 2003) . The differences among these results may be ascribed to different definitions of sunbed use and of weight satisfaction. We found that lower body satisfaction was associated with higher odds of sunbed use, except for overweight males, which is in line with the results of a study in Sweden (Brandberg et al., 1998) , which included measures of "satisfaction with self" based on satisfaction with height, weight, looks, hair, complexion, body and personality. Those who were least satisfied with themselves used sunbeds most frequently, but the association was assessed only in descriptive analyses. On the contrary, a study in the USA found a higher likelihood of sunbed use among adolescents who scored high in body satisfaction (Yoo and Kim, 2012) . The difference between Yoo et al. and our results might be due to cultural differences as well as different measurements, as the US study combined satisfaction with appearance and weight into a single measure of body satisfaction. The interaction between BMI and body satisfaction observed among males in the present study cannot easily be explained, but it could be speculated that males who are overweight and unsatisfied with their bodies would not use sunbeds to increase their attractiveness, as they might have "given up", whereas all other who felt dissatisfied with their body and weight, might use sunbeds in order to feel more satisfied. Despite some inconsistencies, the findings of the present study and previous research demonstrate that appearance-related factors are important in relation to use of sunbeds.
Enhanced appearance and increased attractiveness has been identified as one of the main drivers for sunbed use (Amir et al., 2000; Grange et al., 2015; Schneider et al., 2013) . This motive could explain why we found associations between dieting, weight perception and body satisfaction and sunbed use. Female students who are not satisfied with their body or weight, might engage in behaviours that they think would enhance their appearance, such as sunbed use. For both sexes though, we found an association between dieting and sunbed use, which again can be explained by a notion of wanting to appear more attractive, by having a slimmer and more tanned body. The authors of a meta-analysis concluded that interventions focusing on the appearance-damaging effects of ultraviolet light might be effective in reducing future exposure, including the use of sunbeds (Williams et al., 2013) . Hence, prevention strategies that focus on the negative effects of sunbed use on appearance (e.g. wrinkles) might be useful. However, by focusing on the consequences of sunbed use on appearance, there might be a risk that the same ideal (e.g. "looks are important") that initially lead to sunbed use might be reinforced.
Given the relation between skin cancer and sunbed use and the fact that melanoma is one of the commonest types of cancer among young people in Denmark, more knowledge is urgently required about sunbed users. In order to design effective interventions, it is important to investigate the underlying mechanisms of the associations between health-related behaviours and sunbed use and appearancerelated factors and sunbed use. More research about why people use sunbeds and why sunbed use is associated with health-related behaviours and appearance-related factors is needed to inform future strategies and campaigns for prevention of sunbed use. Our study and previous studies have shown that sunbed use is prevalent among young Danes, and that the initiation of sunbed use often starts at a very young age (Koster et al., 2009; Krarup et al., 2011) . Thus, it might be beneficial for Denmark, in addition to running campaigns, to introduce an age limit for sunbed use, in order to prevent mortality and morbidity caused by sunbed use. Many other western countries have already implemented age limits for sunbed use (Sinclair and Makin, 2013) .
Study limitations and strengths
Our study had a high response rate and a large study sample, comprising N 8% of all 15-25 year old Danes. The sample can be considered representative of Danish students aged 15-25 years who are either attending an upper secondary school or a higher preparatory examination school. The sample can be considered representative to some degree for students attending a vocational college, thus this group were more selected in the invitations to the study. The sample is not, however, representative of all Danish young people aged 15-25 years, as those in other types of educational establishment and outside the educational system are not represented. Thus, the results of this study do not necessarily reflect the determinants of sunbed use by all young Danes. In addition, the findings do not necessarily transfer to other countries, as Danes are lighter skinned and more affluent compared to other nationalities. In line with some other studies (Amrock and Weitzman, 2014; Bentzen et al., 2013; Guy et al., 2014; Mayer et al., 2011; Miyamoto et al., 2012; Schneider et al., 2013; Simmons et al., 2014) , we defined sunbed use as having used a sunbed at least once in the past year. This might be a limitation to defining the behavioural pattern more precisely, as our definition of sunbed use included both frequent use and one use only. It is likely that there are differences among groups of sunbed users (Guy et al., 2014; O'Riordan et al., 2006) , which we did not examine. However, many studies use this definition of sunbed users. We relied on self-reported data with no objective verification. This could result in information bias if students intentionally or unintentionally replied incorrectly to the questions.
Conclusion
Sunbed use is still occurring among young people in Denmark and is more prevalent among females than males. Furthermore, older age, studying at a higher preparatory examination school or vocational college compared to an upper secondary school, living in the North region of Denmark compared to the Capital region and lower parental education were associated with sunbed use. An unhealthy lifestyle in relation to smoking, binge-drinking and dietary habits (females only), but longer duration of exercise were associated with sunbed use. This study also shows a strong association between appearance-related factors and sunbed use. The findings suggest that young females who are not content with their appearance are more likely to use sunbeds than their peers, whereas the picture is less clear for males. This knowledge will be useful for further research and could aid in identifying highrisk groups and guide preventive strategies for sunbed use and skin cancer prevention.
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